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a7 el KM3 c KMSEEP15C Jf KM11-D || kM11-C KMSEEP12D |\ | KM13-E

B o = KM14-E
KM10-D |= fet KM11-B KM12-D
/ = v\ 7 KM13-C
S A o S|

KM4-E

KMSEEP1B

KM1-B
KM14-B

KM12-A KM13-B
KM14-A

KM13-A

Seepage Meters
Average Discharge (cm/d)
-18.9--12.3

-12.2--5.6

-55-1.0
1.1-565

5.6-10.0
10.1-14.2

Surface Sediment Texture
Interpretation i\ z
Clay ’ : ATemp (°C) - Sand ATemp (°C) - Silt ATemp (°C) - Mixed Sand & Silt
Silt % _ 0-15 0.1-15 0-15
sand - 16-2.0 16-2.0 16-2.0
Mixed Sand & Silt ' 5 21-25 21-25 21-25

Interpreted Groundwater table ‘ 26-30 26-30 26-3.0
feet above MSL ‘ .
(feet ) 3135 3135 3.1-35
— Interpreted 3.6+

+
— — Inferred 3.6 36+

— Inferred Groundwater Flow Direction . Not collected
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LEGEND FEATURE SOURCES:

— River Miles

2003 Bathymetric 5 Ft. Contours (NAVD88)
I~ "y Navigation Channel
=] Site Property Boundary

0 50 100
L 1 1 1

Feet

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro's RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up

digitizing from the October 2001 0.33 ft. resolution color orthophotos.

Wells & Remediation System: locations are approximate and drawn from Delta
(Delta Environmental Consultants, Inc.). 2005b. Lower Willamette Group Round 2
Groundwater Pathway Assessment FSP — Data Request, Kinder Morgan Liquid
Terminals, LLC, Linnton Terminal (DEQ ECSI Number 1096). March 4, 2005.
Groundwater Contours: locations are approximate and drawn from Delta. 2005a. Groundwater
Monitoring/Project Status Update Report, Third Quarter 2004, Kinder Morgan Liquid
Terminals, LLC, Linnton Terminal, Portland, Oregon. January 11, 2005.

Figure C3.1-4

Portland Harbor RI/FS
Remedial Investigation Report
Kinder Morgan Linnton Site

Trident Probe and Seepage Meter Results




Transition Zone Water Samples
O Peeper, 0-38 cm

Locations_20090630.mxd

E Paired Trident, 30 cm and 90+ cm

3 Trident, 90+ cm

' — 7 Trident, 30 cm
Surface Sediment Texture ‘ - - @ Seepage Meters
Interpretation

‘ GeoProbe, 0-90 cm
LWG Sediment Stations
Round 1, surface
Pilot Study GWPA, surface
:‘;‘: Mixed Sand & Silt ' i y Round 2A, subsurface

Interpreted Groundwater Discharge Zones . Round 2A, surface
. Groundwater Discharge Zone = - . ' = Round 2B, subsurface
Low-To-No Groundwater Discharge Zone —. ' : | ' i 3 Round 3, surface

Interpreted Groundwater table
(feet above MSL)

Interpreted

Round 3, subsurface

Inferred Non LWG, subsurface

Inferred Groundwater Flow Direction \ Non LWG, surface
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LEGEND FEATURE SOURCES: Figure C3.1-5
. . Aerial Photo: Metro RLIS, 2007.
— River Miles Base Map features from Portland Metro's RLIS. Portland Harbor RI/FS

2003 Bathymetric 5 Ft. Contours (NAVD88) Channel and River Miles: Developed from US Army Corps of Engineers information. - Remed|a| InVeSt|gat|0n Report

Docks & In-water Structures: created by heads-up

I~ = Navigation Channel digitizing from the October 2001 0.33 ft. resolution color orthophotos. Kinder Morgan Linnton Site

D Site Property Boundary Wells & Remediation System: locations are approximate and drawn from Delta
(Delta Environmental Consultants, Inc.). 2005b. Lower Willamette Group Round 2 . .
0 50 100 Groundwater Pathway Assessment FSP — Data Request, Kinder Morgan Liquid Interpreted Groundwater D|SCharge Zones and Location of
Terminals, LLC, Linnton Terminal (DEQ ECSI Number 1096). March 4, 2005. P .
< Groundwater Contours: locations are approximate and drawn from Delta. 2005a. Groundwater TranSItIOn ZOI’le Water and Sed|ment Samples
I_l_l_l_l Monitoring/Project Status Update Report, Third Quarter 2004, Kinder Morgan Liquid
Feet Terminals, LLC, Linnton Terminal, Portland, Oregon. January 11, 2005.




LEGEND

(® Upland Groundwater

(® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone
[JWillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale

(Linear Scale To TDS) )
© 0mg/l Piper Plot

2,200 mg/L
Ca Na+K  HCO3 Cl
Anions Cations

Sample Description Sample Information Alkalinity®  CI” sS0,” Na" K" ca*' Mg** pH TDS"
A Groundwater Discharge Zone KM-08-A, Trident 30 cm 280 9.9 3.1 43.7 3.05 41.4 25.5 7.26 407
B Groundwater Discharge Zone R2-KM-01, Trident 30 cm 240 4.6 2.6 18.8 3.41 61.4 318 6.94 363
C Groundwater Discharge Zone R2-KM-01, Trident 30 cm; FR 240 4.6 2.6 16.5 2.87 49.6 26.1 6.89 342
D Low-to-No Groundwater Discharge Zone  KM-06-A, Peeper 0 - 38 cm 114 15 0.9 9.97 0.67 19.9 11.1 7.24 158
E Low-to-No Groundwater Discharge Zone  KM-10-A, Peeper 0 - 38 cm 85 3.7 1.4 8.85 0.845 19.4 6.69 7.69 126
F Low-to-No Groundwater Discharge Zone  KM-11-B, Peeper 0 - 38 cm 162 1.6 0.13 3.39 1.04 18.9 5.33 6.88 192
G Low-to-No Groundwater Discharge Zone  KM-11-B, Peeper 0 - 38 cm; FR 148 1.3 0.14 3.22 0.6 14.7 4.42 7.46 172
H Low-to-No Groundwater Discharge Zone  R2-KM-02, Peeper 0 - 38 cm 321 30.5 0.17 13.2 1.665 65.8 18.7 7.36 451

Notes:

2 Alkalinity speciated to HCO;™ and CO,*” using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).

® TDS calculated as sum of anions and cations.
All concentrations as mg/L; pH in s.u.

Figure C3.1-6

Portland Harbor RI/FS

Remedial Investigation Report

Piper Diagram - Comparison of Major lon Chemistry

Upland Groundwater, Transition Zone Water, and Surface Water
Kinder Morgan Linnton
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GW- Groundwater

TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml. Figure C3.1-7a
Upland Groundwater includes wells: MW-1,MW-2, MW-3,MW-4, MW-7, MW-8 MW-10,MW-12,MW-13,MW-20,MW-21.

TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial |nvestigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
BTEX - Kinder Morgan Linnton



Total PAHs
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.1-7b
Upland Groundwater includes wells: MW-1,MW-2,MW-3,MW-4, MW-7, MW-8, MW-10,MW-12,MW-13,MW-20,MW-21. .
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Repor[

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total PAHSs - Kinder Morgan Linnton
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.1-7c
Upland Groundwater includes wells: MW-1,MW-2, MW-3,MW-4, MW-7, MW-8 MW-10,MW-12,MW-13,MW-20,MW-21.
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial |nvestigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Dissolved Arsenic - Kinder Morgan Linnton
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LEGEND
— River Miles
2003 Bathymetric 5 Ft. Contours (NAVD88)
I~ 7y Navigation Channel
] Site Property Boundary

0 50 100 <
L1 X

Feet

FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Cross-Sections: Locations are approximate and drawn by measuring from Figure 2-2 (SECOR 2004).

Wells & Remediation Systems: Remediation System Outline (ft) is approximate; traced from
original figures created by URS (May 27, 2004 & March 2004).

Groundwater Contours: Interpreted Groundwater Table Contours (ft) are approximate; traced from
original figures created by URS (May 27, 2004 & March 2004).

—te el

® ARCO Wells
Remediation System
== ARCO Cross Sections

Interpreted Groundwater table
(feet above MSL)

N Interpreted

—_— Inferred

_> Inferred Groundwater Flow Direction
Transition Zone Water Samples

OPeeper, 0-38 cm

CITrident, 30 cm

EPaired Trident, 30 cm and 90+ cm

Figure C3.2-1

Portland Harbor RI/FS

Remedial Investigation Report

ARCO Site

Overview and Cross Section Location
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Extent of NAPL (Nov. 2004)

Interpreted Groundwater table
(feet above MSL)

= Interpreted

== |nferred

' —} Inferred Groundwater Flow Direction
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FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Figure C3.2-2a
Portland Harbor RI/FS

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Cross-! ions: Locatit are app and drawn by measuring from Figure 2-2 (SECOR 2004).
Wells & Remediation Systems: Remediation System Outline (ft) is approximate; traced from

original figures created by URS (May 27, 2004 & March 2004).

Groundwater Contours: Interpreted Groundwater Table Contours (ft) are approximate; traced from
original figures created by URS (May 27, 2004 & March 2004).

Remedial Investigation Report
ARCO Site
Distribution of NAPL in Upland Groundwater
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Cross-Sections: Locations are approximate and drawn by measuring from Figure 2-2 (SECOR 2004).
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Cross-Sections: Locations are approximate and drawn by measuring from Figure 2-2 (SECOR 2004).

Wells & Remediation Systems: Remediation System Outline (ft) is approximate; traced from
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LEGEND

(® Upland Groundwater

® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone
[Jwillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale Piper Plot
(Linear Scale To TDS)

© 0mg/L

2,200 mg/L

Anions Cations

Sample Description Sample Information Alkalinity®  CI” SO~ Na’ K" ca®' Mg** pH TDS"
A Groundwater Discharge Zone AR-01-A, Trident 30 cm 148 4.2 3.4 39.3 10.3 3.6 9.85 6.39 218.65
B® Groundwater Discharge Zone AR-02-A, Trident 30 cm 40.1 22.4 0.365 6.67
C Groundwater Discharge Zone AR-01-A, Trident 150 cm 446 6.2 0.05 117 29.3 6.71 18 6.36 623.26
D¢ Low-to-No Groundwater Discharge Zone  AR-04-B, peeper 76.6 25.5 0.297
E Low-to-No Groundwater Discharge Zone  R2-AR-01, Trident 30 cm 357 4.2 0.06 83.1 171 4.45 14.8 6.4 480.71
F Low-to-No Groundwater Discharge Zone  R2-AR-02, Trident 30 cm 308 8 0.5 73.5 20.9 4.57 18.5 6.67 433.97
G Low-to-No Groundwater Discharge Zone  R2-AR-03, Trident 30 cm 60 5.5 0.4 13.2 5.46 1.57 5.71 7.21 91.84
H Low-to-No Groundwater Discharge Zone = R2-AR-04, Trident 30 cm 164 6.4 3.2 324 11.2 3.38 13.7 6.98 234.28
| Low-to-No Groundwater Discharge Zone  R2-AR-02, Trident 90 cm 304 8.3 0.06 75.8 14.5 3.47 16 6.71 422.13
J Low-to-No Groundwater Discharge Zone  AR-02-B GeoProbe 3-5' GW 375 6 0.09 85.3 19.6 3.51 23.2 6.56 512.7
K Low-to-No Groundwater Discharge Zone  AR-03-B GeoProbe 3-5' GW 46 5 4.5 7.76 2.33 0.881 6.15 7.05 72.621
L Low-to-No Groundwater Discharge Zone  AR-06-B GeoProbe 3-5' GW 201 4.4 2.9 51.4 15.1 2.98 19.6 6.66 297.38
M Upland Groundwater MW-02 Upland GW 55.8 2.38 1.32 13.2 10.186 ° 1.22 9.47 93.576
N Upland Groundwater MW-05 Upland GW 48 3.85 21.2 17.9 10.186 ¢ 2.8 7.8 111.736
O  Upland Groundwater MW-08 Upland GW 293 3.45 1 728  10.186° 35 10 393.936

Notes:

? Alkalinity speciated to HCO;™ and CO,*” using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
¢ Sample not shown on plot, insufficient data.

¢ Estimated value; approximated by nearby location.
All concentrations as mg/L; pH in s.u.

Figure C3.2-6

Portland Harbor RI/FS

Remedial Investigation Report

Piper Diagram - Comparison of Major lon Chemistry

Upland Groundwater, Transition Zone Water, and Surface Water
ARCO
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GW- Groundwater

TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells:GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IW-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.
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Figure C3.2-7a
Portland Harbor RI/FS
Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones

Total BTEX - ARCO
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TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IW-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5. Figure C3.2-7b
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS

Sediment includes samples collected from 0 to 60 cm bml. . ] .
Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total PAHs - ARCO
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IW-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.
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Figure C3.2-7c
Portland Harbor RI/FS
Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
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GW- Groundwater =
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IW-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5. Figure C3.2-7d
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS

Sediment includes samples collected from 0 to 60 cm bml. . ] .
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Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
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FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.

resolution color orthophotos.

Groundwater Contour: locations are approximate and drawn by
measuring from Figure 3 (Kleinfelder, Oct. 14, 2002).

Wells & Remediation System: locations are approximate and drawn by
measuring from Figure 3 (Kleinfelder, Oct. 14, 2002).
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0 50 100 resolution color orthophotos. EXXO”MOb" S|te
Groundwater Contour: locations are approximate and drawn by . . . .
5 measuring rom Figure 3 (Kinflder, Oct, 14, 2002). Distribution of NAPL in Upland Groundwater and TZW
Feet Y Wells & Remediation System: locations are approximate and drawn by
measuring from Figure 3 (Kleinfelder, Oct. 14, 2002).
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Figure C3.3-3b
Portland Harbor RI/FS

Remedial Investigation Report
ExxonMobil Stratigraphic Cross Section A-A' and

Concentrations of Dissolved Arsenic, Dissolved Lead, and Dissolved Zinc

Approximate groundwater elevation

Concentration Zone:

20 Feet Sample Concentration Range:

10

Base features from Groundwater Solutions, Inc.,

2004.

Vertical scale

DL - Detection Limit
ND - Not Detected

>DL

(® AsND PbND znND

. As > DL (pg/L)

Offshore core and surface grab data adapted from

100 Feet

50

nc.

Round 2 sampling events, Integral Consulting,

2004-2005.

. Pb > DL (pg/L)

Horizontal scale

Locations should be considered approximate.

Zone Water
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Nearshore Groundwater and Trans
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@ Zn > DL (pg/L)
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.

resolution color orthophotos.

Groundwater Contour: locations are approximate and drawn by
measuring from Figure 3 (Kleinfelder, Oct. 14, 2002).

Wells & Remediation System: locations are approximate and drawn by
measuring from Figure 3 (Kleinfelder, Oct. 14, 2002).
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Figure C3.3-4

Portland Harbor RI/FS

Remedial Investigation Report
ExxonMobil Site

Trident Probe and Seepage Meter Results
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(® Upland Groundwater

® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone

[JWwillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale
(Linear Scale To TDS)

© 0mg/L

2,200 mg/L

Piper Plot

2 B » S S & 8
Ca Na+K HCO3 Cl
Anions Cations
Sample Description Sample Information Alkalinity®  CI” S0, Na* K* ca®' Mg** pH TDS"
A Groundwater Discharge Zone EM-01-A, Trident 150 cm 179 4.3 0.05 51.2 7.68 2.82 8.37 6.75 253.42
B Groundwater Discharge Zone EM-01-A, Trident 30 cm 80 4.6 2 20.2 5.49 2.06 7.11 6.99 121.46
C Groundwater Discharge Zone EM-02-A, Trident 30 cm 145 6.3 2.3 29.5 11.7 2.09 11.2 7.34 208.09
D Groundwater Discharge Zone EM-02-C, Trident 30 cm 188 4.4 0.3 47.5 20.9 4.68 19.9 6.8 285.68
E Groundwater Discharge Zone EM-03-A, Trident 120 cm 277 4.5 0.2 47.7 21.6 2.84 15.2 6.85 369.04
F Groundwater Discharge Zone EM-03-A, Trident 120 cm; FR 282 4.3 0.2 48.5 22.2 2.81 15.3 6.87 375.31
G Groundwater Discharge Zone EM-03-A, Trident 30 cm 178 4.6 5 40.7 15.7 2.78 14.8 6.99 261.58
H Groundwater Discharge Zone EM-04-A, Trident 30 cm 292 5.2 1.6 48.2 15 4.22 38.1 6.86 404.32
I Groundwater Discharge Zone EM-04-C, Trident 150 cm 816 11.8 0.05 167 59.6 8.34 28.6 6.68 1091.39
J Groundwater Discharge Zone EM-04-C, Trident 30 cm 680 6.4 0.05 152 48.2 6.3 171 6.7 910.05
K Groundwater Discharge Zone EM-05-A, Trident 30 cm 418 6 0.05 75.1 26.1 6.14 16.3 6.69 547.69
L Groundwater Discharge Zone EM-06-B, Trident 30 cm 187 4.7 0.3 39.2 16.1 2.95 11.2 6.85 261.45
M Groundwater Discharge Zone EM-08-A, Trident 30 cm 220 6 1.3 50.5 15.6 3.34 13 6.92 309.74
N Low-to-No Groundwater Discharge Zone R2-EM-01, Trident 30 cm 331 5.3 0.05 62.4 27.2 4.86 14.3 6.74 445.11
(0] Low-to-No Groundwater Discharge Zone R2-EM-01, Trident 30 cm; FR 330 5.4 0.2 61 26.4 4.77 14 6.77 441.77
Notes:
2 Alkalinity speciated to HCO,™ and CO,;* using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
All concentrations as mg/L; pH in s.u.
Figure C3.3-6

Portland Harbor RI/FS

Remedial Investigation Report
Piper Diagram - Comparison of Major lon Chemistry
Upland Groundwater, Transition Zone Water, and Surface Water

ExxonMobil
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Notes:
GW- Groundwater
TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.3-7a
Upland Groundwater includes wells: W-1, W-4,W-5W-6, W-7, W-8, W-9, W-10, W-11,W-12,W-13,W-14,W-15,W-16,W-17,W-18 W-19,W-20,W-21,W-22; Portland Harbor RI/ES
sampled between 5/3/1991 and 10/3/2003. ortlana Rarbor
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
BTEX - ExxonMobil
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Notes:
GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.3-7b
Upland Groundwater includes wells: W-1, W-4,W-5W-6, W-7, W-8, W-9, W-10, W-11,W-12,W-13,W-14,W-15,W-16,W-17,W-18 W-19,W-20,W-21,W-22; Portland Harbor RI/ES
sampled between 5/3/1991 and 10/3/2003. ortland Harbor
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Dissolved Arsenic - ExxonMobil
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Notes:
GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.3-7c
Upland Groundwater includes wells: W-1, W-4,W-5W-6, W-7, W-8, W-9, W-10, W-11,W-12,W-13,W-14,W-15,W-16,W-17,W-18 W-19,W-20,W-21,W-22; Portland Harbor RI/ES
sampled between 5/3/1991 and 10/3/2003. ortland Harbor
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Dissolved Lead - ExxonMobil



Zinc

" Low-to-no | GW Discharge I
1 GW 1 Zone 1 GW Discharge
i 1 Discharge Zone | (lower flow rate) 1 Zone
1.0E+04 Background Upland In River . 9 ' | 1.0E+03
1 | |
| i
- : | I B Background Upland GW
1 1 1 B Site Specific Upland GW
: : : B In-River GW
1.0E+03 - I I I & TZW
- - ' ! ' A Sediment
=) [ | 1 1 1
= I | I I —_
o)
c 1 | 1 ~
S o | I I L 1.0E+02 5
< . l . ' E
T 1.0E+02 = I : ! A c
[ 1 | | (]
2 1 ! I ®
S I 1 1 1 ]
o c
I | | L 4 @
; I 1 1 . 1 o
N P £
= 1 1 1 o
= O 1 1 @ 1 o
O 1.0E+01 - | =
— 1 1 & <
g o © ! le © e
© g
2 1 1 ‘ 1 : - 1.0E+01 =35
ke 1 1 1 ]
g O 1 . 1 1 ‘ 8 »
2 O 1 | |
(V] 1 1 1
1.0E+00 + ] 1 1 1
1 | |
o = @ 8 1 8 S
© © 8 8 8
[a] [a] 1 1
° ° I o e e
> > : z | pzd | pzd
1.0E-01 t | } 1.0E+00
—~— —~ - I~ ~ ~ - —~— -
= = = lce c jco i c oo c
o o o == 2 -2 & : -3 2
1z 2 5 2z = =z 2 5
INR 2 3 INN 2 B I NN 2 8
N (%) I FF N [} N (%)
1 - ~ 1 [
Notes:
GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.3-7d
Upland Groundwater includes wells: W-1, W-4,W-5W-6, W-7, W-8, W-9, W-10, W-11,W-12,W-13,W-14,W-15,W-16,W-17,W-18 W-19,W-20,W-21,W-22; Portland Harbor RI/ES
sampled between 5/3/1991 and 10/3/2003. ortland Harbor
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Dissolved Zinc - ExxonMobil
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Channel and River Miles: Developed from US Army Corps of Engineers information.
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resolution color orthophotos.

Wells, Groundwater Contours and Remediation Systems: Locations are approximate and
drawn from IHAI (2005). Report on Supplemental Upland Remedial Investigation Activities,
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Wells, Groundwater Contours and Remediation Systems: Locations are approximate and

drawn from IHAI (2005). Report on Supplemental Upland Remedial Investigation Activities,

7900 NW St. Helens Road, Portland, Oregon. Hahn and Associates, Inc., March 11, 2005.
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SCALE IN FEET
Source: Figure from Offshore Investigation Report, NW Natural “Gasco” Site, Anchor Environmental (2008)

Figure C3.4-5a

Portland Harbor RI/FS

Remedial Investigation Report

Offshore Sampling Locations 2006—2007 NW Natural Investigation




Benzene (ug/L) in Groundwater

Note: Locations are approximate and are for visualization purposes only.

Source: Figure from Offshore Investigation Report, NW Natural “Gasco” Site, Anchor Environmental (2008)

Figure C3.4-5b
Portland Harbor RI/FS

Remedial Investigation Report
Concentrations of Toluene and Benzene in Nearshore Groundwater

and Transition Zone Water based on the 2006-2007 NW Natural Investigation




Naphthalene (ug/L) in Groundwater

Note: Locations are approximate and are for visualization purposes only.

Source: Figure from Offshore Investigation Report, NW Natural “Gasco” Site, Anchor Environmental (2008)

Figure C3.4-5c
Portland Harbor RI/FS

Remedial Investigation Report
Concentrations of Benzo(a)pyrene and Naphthalene in Nearshore Groundwater

and Transition Zone Water based on the 2006—2007 NW Natural Investigation




Note: Locations are approximate and are for visualization purposes only.

Total Cyanide (ug/L) in Groundwater

Source: Figure from Offshore Investigation Report, NW Natural “Gasco” Site, Anchor Environmental (2008)

Figure C3.4-5d
Portland Harbor RI/FS

Remedial Investigation Report
Concentrations of Free and Total Cyanide in Nearshore Groundwater

and Transition Zone Water based on the 2006-2007 NW Natural Investigation
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FEATURE SOURCES:

— River Miles Aerial Photo: Metro RLIS, 2007. Portland Harbor RI/FS

P Base Map features from Portland Metro’s RLIS.
2003 Bathymemc 5 Ft. Contours (NAVDSS) Channel and River Miles: Developed from US Army Corps of Engineers information. Remedial |nveSti ation Re Ort
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(® Upland Groundwater

(® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone
[JWillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Piper Plot

Symbol Scale
(Linear Scale To TDS)
©® 0mg/L
2,200 mg/L
® > k) o)
Ca Na+K HCO3 Cl
Anions Cations
Sample Description Sample Information  |Alkalinity®  CI” SO~ Na* K* ca®' Mg** pH TDS"
A° Low-to-No Groundwater Discharge Zone GS-01-B-PR 88.7 39.2 5.21 23.6
B Low-to-No Groundwater Discharge Zone GS-02-A-TR 66 2.8 15.9 11.5 5.84 1.36 a7 5.6 150.4
C Low-to-No Groundwater Discharge Zone  GS-07-D-PR 337 4.2 0.2 68.8 221 2.94 12.2 6.97 447.44
D Low-to-No Groundwater Discharge Zone GS-08-A-TR 676 5.55 0 163 50.9 5.44 23.2 6.58 924.09
E Groundwater Discharge Zone GS-08-D-TR 223 6.3 0 50.5 20.5 3.7 14.2 6.56 318.2
F Groundwater Discharge Zone GS-07-B-TR 168 5.7 1.1 45.4 14.7 3.58 13.8 6.5 252.28
G° Groundwater Discharge Zone WLCGSG07GSC9 22.7 11.5 4.38 136
H° Groundwater Discharge Zone WLCGSG07GSD5 49.7 19.2 451 61
I° Low-to-No Groundwater Discharge Zone WLCGSG07GSB1 39.8 28.9 5.99 12.7
J° Low-to-No Groundwater Discharge Zone WLCGSG07GSB2 85.3 66.9 11.4 19.4
K° Low-to-No Groundwater Discharge Zone WLCGSG07GSB3 25.1 16.9 3.32 10.7
L Low-to-No Groundwater Discharge Zone WLCGSG07GSB4 213 223 30.2 28
M® Low-to-No Groundwater Discharge Zone WLCGSG07GSB5 87 43.1 6.4 13.7
N° Low-to-No Groundwater Discharge Zone WLCGSG07GSB6 58.9 40.5 6.92 14.2
o° Low-to-No Groundwater Discharge Zone WLCGSG07GSB7 139 69.5 9.49 235
pP° Groundwater Discharge Zone WLCGSG07GSB8 54.1 42.8 9.59 14.3
Q° Groundwater Discharge Zone WLCGSG07GSB9 83.7 713 11.4 16.9
R® Groundwater Discharge Zone WLCGSGO07GSC1 326 171 20.5 38.4
s° Groundwater Discharge Zone WLCGSG07GSC3 82.5 12.1 8.21 60.6
T Groundwater Discharge Zone WLCGSG07GSC4 105 20.6 6.29 20.9
u° Groundwater Discharge Zone WLCGSG07GSC5 124 47.1 6.17 194
Ve Groundwater Discharge Zone WLCGSG07GSC6 67.9 35.3 5.27 24.8
w° Groundwater Discharge Zone WLCGSG07GSC7 81.2 25.6 5.82 26.1
X° Groundwater Discharge Zone WLCGSG07GSC8 82 30.7 5.29 17.3
Y© Groundwater Discharge Zone WLCGSG07GSD1 122 20 9.48 345
z° Groundwater Discharge Zone WLCGSG07GSD2 106 19.9 5.65 60.9
AA° Groundwater Discharge Zone WLCGSG07GSD3 86.4 234 8.36 136
AB®  Groundwater Discharge Zone WLCGSGO07GSD4 69 20.1 7.09 140
AC Groundwater Discharge Zone GS-08-D-TR 537 6.8 0 111 38.1 7.26 22.6 6.58 722.76
Notes:
2 Alkalinity speciated to HCO,™ and CO,;* using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
¢ Sample not shown on plot, insufficient data.
All concentrations as mg/L; pH in s.u.
Figure C3.4-7

Portland Harbor RI/FS
Remedial Investigation Report
Piper Diagram - Comparison of Major lon Chemistry
Upland Groundwater, Transition Zone Water, and Surface Water

Gasco



Benzene
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GW- Groundwater
TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.4-8a
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000. /ES
TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/F
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Benzene - Gasco



Toluene
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Notes:
GW- Groundwater
TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.4-8b
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000. /ES
TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/F
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Toluene - Gasco



Benzo(a)pyrene
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Fiqure C3.4-8c
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000. g
TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Benzo(a)pyrene - Gasco



Naphthalene
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. Figure C3.4-8d
In-River GW includes samples collected 2150 cm bml. g )
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000. Portland Harbor RI/FS
TZW includes samples collected from 0 to 90 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. . . .
Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Naphthalene - Gasco



Free Cyanide
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GW- Groundwater

TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml. Figure C3.4-8e
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000.

TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Free Cyanide - Gasco



Groundwater or TZW Concentration (mg/L)

Total Cyanide
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Notes:
GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.4-8f
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000. /ES
TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/F
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total Cyanide - Gasco
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TCE, DCE, and Vinyl Chloride Concentrations along Section Line S3-S3’
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TCE, DCE, and Vinyl Chloride Concentrations along Section Line S4-S4’
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TCE, DCE, and Vinyl Chloride Concentrations along Section Line S5-S5’
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LEGEND:

APPROXIMATE AREA OF SURFACE WATER

& TRANSITION ZONE WATER IMPACTS
ABOVE SCREENING CRITERIA

NOT DETECTED AT OR ABOVE THE METHOD
REPORTING LIMIT

SURFACE WATER SAMPLE

US ARMY CORPS OF ENGINEERS
SUPPLEMENTAL INVESTIGATION SAMPLE
LOCATION

PREVIOUS BORING

DEPTH (BELOW MUD LINE) ——SW 1 3 5

TRICHLOROETHENE——ND  0.62 51.5 19500
CIS-1,2-DCE——279 2950 7600 10900
VINYL CHLORIDE 732 625 475 98.3

Source: Figure from Supplemental Investigation Report, Maul Foster & Alongi Inc. (2005)

Figure C3.5-6b
Portland Harbor RI/FS
Remedial Investigation Report

Locations of the Area 2 Groundwater and Transition Zone Water Samples from the 2004 Investigation
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Transition Zone Water Samples
Round 2 GWPA, surface
Peeper, 0-38 cm
Paired Trident, 30 cm and 90+ cm
Trident, 90+ cm
Trident, 30 cm
Seepage Meters
GeoProbe, 0-90 cm

LWG Sediment Stations

EpE»>»Ne )

Round 1, surface

Pilot Study GWPA, surface
Round 2A, subsurface
Round 2A, surface

Round 2B, subsurface
Round 3, surface

Round 3, subsurface

Historic Sediment Stations

[
A

Non LWG, subsurface
Non LWG, surface

LEGEND

2003 Bathymetric 5 Ft. Contours (NAVD88)
I~ "y Navigation Channel
=] Site Property Boundary

0 50 100 BN

FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Wells & Groundwater Contours: Locations are approximate and drawn from MFA, 2004.
Remedial Investigation Proposal, Siltronic Corporation Site,

7200 NW Front Avenue, Portland, Oregon 97210,

Maul Foster & Alongi, Inc. April 2.

e —
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Surface Sediment Texture

Mixed Sand & Silt

Interpreted Groundwater Discharge Zones

- Far Offshore Groundwater Discharge Zone
. Offshore Groundwater Discharge Zone

Low-To-No Groundwater Discharge Zone

Nearshore Groundwater Discharge Zone
Interpreted Groundwater table
(feet above MSL)
Interpreted
—— Inferred
—> Inferred Groundwater Flow Direction
Elevated VOCs Area

I:I Area 1
I:I Area 2

Figure C3.5-7

Portland Harbor RI/FS
Remedial Investigation Report
Siltronic Site

Interpreted Groundwater Discharge Zones and Location of

Transition Zone Water and Sediment Samples




LEGEND

(® Upland Groundwater

® Groundwater Discharge Zone
(® Low-to-No Groundwater Discharge Zone
[JWwillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale
(Linear Scale To TDS)
© 0mg/L Piper Plot
2,200 mg/L
® S ko) ) v ¥ & &
Ca Na+K HCO3 Cl
Anions Cations
Sample Description Sample Information Alkalinity®  CI” S0~ Na" K" ca®' Mg** pH TDS"
A Low-to-No Groundwater Discharge Zone  SL-01-A, Trident 30 cm 492 105 0.05 104 33.9 5.12 21.8 6.47 667.37
B Groundwater Discharge Zone SL-01-E, Peeper 0 - 38 cm 426 14.3 0.05 105 31.2 3.26 14 7.75 593.81
C Low-to-No Groundwater Discharge Zone  SL-02-A, Trident 30 cm 153 8 2.5 36.7 11.2 2.22 12.7 6.67 226.32
D Groundwater Discharge Zone SL-02-C, Peeper 0 - 38 cm 330 5 0.2 817 255 2.96 13.2 7 458.56
E Groundwater Discharge Zone SL-02-E, Peeper 0 - 38 cm 350 27.9 0.2 87 325 3.85 14.6 6.95 516.05
F Low-to-No Groundwater Discharge Zone  SL-03-A, Trident 30 cm 109 6.7 2.8 34.4 11.2 2.13 114 6.74 177.63
G Low-to-No Groundwater Discharge Zone  SL-03-A, Trident 30 cm; FR 112 6.7 2.6 24.8 8.09 2.57 9.5 6.77 166.26
H Groundwater Discharge Zone SL-03-C, Peeper 0 - 38 cm 317 0.02 0.1 70.1 221 3.37 12.2 6.93 424.89
| Groundwater Discharge Zone SL-03-F, Peeper 0 - 38 cm 390 25.5 0.4 87.7 38.2 4.03 17.8 6.82 563.63
J Groundwater Discharge Zone SL-03-F, Peeper 0 - 38 cm; FR 416 26 0.3 98.4 42.4 3.85 16.9 6.84 603.85
K Groundwater Discharge Zone SL-03-F, Trident 120 cm 376 23.1 0.4 79.5 33.7 5.3 16.7 6.88 534.7
L Groundwater Discharge Zone SL-04-A, Trident 30 cm 112 5.5 3.6 318 10.4 2.44 12.6 6.69 178.34
M Groundwater Discharge Zone SL-04-A, Trident 90 cm 536 7.1 0.05 109 40.3 5.28 27 6.58 724.73
N Groundwater Discharge Zone SL-04-F, Peeper 0 - 38 cm 352 14.7 0.2 85.1 30.3 2.93 12.9 6.79 498.13
O Low-to-No Groundwater Discharge Zone  SL-05-A, Trident 30 cm 324 7.5 0.3 76.9 22.8 3.79 17.2 6.69 452.49
P Upland Groundwater MW-03-81 330 19.4 0.26 50.6 255 4.37 34.9 465.03
Q Upland Groundwater MW-03-I 334 350 2.73 122 58.3 3.59 110 980.62
Notes:
2 Alkalinity speciated to HCO;™ and CO,”” using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
All concentrations as mg/L; pH in s.u.
Figure C3.5-8

Portland Harbor RI/FS

Remedial Investigation Report

Piper Diagram - Comparison of Major lon Chemistry

Upland Groundwater, Transition Zone Water, and Surface Water
Siltronic
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Remedial Investigation Report
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® Rhone Poulenc Wells
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Rhone Poulenc Cross Sections
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LEGEND FEATURE SOURCES. Figure C3.6-1

— I i Aerial Photo: Metro RLIS, 2007.
River Miles Base Map features from Portland Metro’s RLIS. Portland Harbor RI/FS

2003 Bathymetric 5 Ft. Contours (NAVD88) Channel and River Miles: Developed from US Army Corps of Engineers information. . : :
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft. Remedlal |nVGSt|gat|0n Report

I~ "yNavigation Channel resolution color orthophotos. i
DSite Property Boundary Wells: Locations are approximate and drawn by measuring from Figure 2 (AMEC, July 2004). Rhone POUIenC Slte

Groundwater Contours: Locations are approximate and drawn by measuring from Figure 3-3 i 1 i
0 100 200 "\ (AMEC, August 2002), Elevations are relative to the City of Portiand Datum. Overview and Cross Section Location
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Extent of NAPL (Nov. 2004)

Interpreted Groundwater table
(feet above MSL)

_ Interpreted
| -—— Inferred
—Jp  Inferred Groundwater Flow Direction

Interpreted Groundwater Discharge Zones
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Low-To-No Groundwater Discharge Zone
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Inferred Groundwater Discharge Zone Extension

LEGEND Figure C3.6-2a

— River Miles FEATURE SOURCES: Portland Harbor RI/FS
2003 Bathymetric 5 Ft. Contours (NAVD88) Aerial Photo: Metro RLIS, 2007. . A N

I . Base Map features from Portland Metro's RLIS. Remedial |nV€St|gatlon Report

_J Nav'Qatlon Channel Channel and River Miles: Developed from US Army p_o_rps of Engineers information. Rh P I St

D Site Property Boundary Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft. one roulenc ole

lution color orthophotos. s . .
\r/?lZﬁ: :?:cg?igr:soareogp;rgiimate and drawn by measuring from Figure 2 (AMEC, July 2004). Distribution of NAPL in Upland Groundwater

0 100 200 ~ Groundwater Contours: Locations are approximate and drawn by measuring from Figure 3-3

I I I ‘ (AMEC, August 2002), Elevations are relative to the City of Portland Datum.
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro's RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up

digitizing from the October 2001 0.33 ft. resolution color orthophotos.

Wells: locations are approximate and drawn by measuring from Figure 2 (AMEC, July 2004)
Groundwater Contours: locations are approximate and drawn by measuring from Figure 3-3
(AMEC, August 2002), Elevations are relative to the City of Portland Datum.
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digitizing from the October 2001 0.33 ft. resolution color orthophotos.
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Groundwater Contours: locations are approximate and drawn by measuring from Figure 3-3
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o (AMEC, August 2002), Elevations are relative to the City of Portland Datum.
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Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.
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Groundwater Contours: Locations are approximate and drawn by measuring from Figure 3-3
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Trident Probe and Seepage Meter Results

FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.

Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Wells: Locations are approximate and drawn by measuring from Figure 2 (AMEC, July 2004).
Groundwater Contours: Locations are approximate and drawn by measuring from Figure 3-3
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Sand . Inferred Groundwater Discharge Zone Extension ‘" 3 . | B Non LWG, subsurface
£ Mixed Sand & Silt 5 A Non LWG, surface

Round 3, subsurface
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LEGEND FEATURE SOURCES: Figure C3.6-6

Aerial Photo: Metro RLIS, 2007.
— River Miles Base Map features from Portland Metro’s RLIS. Portland Harbor RI/FS

. Channel and River Miles: Developed from US Army Corps of Engineers information. i i i
2003 Bathymet”c 5 Ft. Contours (NAVDBS) Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft. Remedlal |nveSt|gat|0n Report

~ ~JNavigation Channel resolution color orthophotos. Rhone Poulenc Site

Wells: Locations are approximate and drawn by measuring from Figure 2 (AMEC, July 2004).

Groundwater Contours: Locations are approximate and drawn by measuring from Figure 3-3 |nterpreted Groundwater Di SCharge Zones and Location of

~ (AMEC, August 2002), Elevations are relative to the City of Portland Datum. aye .
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LEGEND

(® Upland Groundwater

(® Groundwater Discharge Zone

® Low-to-No Groundwater Discharge Zone

[JWillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Piper Plot

Symbol Scale
(Logarithimic Scale To TDS)
© 10mg/L
1,000,000 mg/L
&
e/ g
\\
\\
" &
N~ il
() >
\ 7/
°/ % . B
AN / \
\\ // \\
\\ // \
® > ko) o)
Ca Na+K HCO3 Cl
Anions Cations
Sample Description Sample Information Alkalinity®  CI” S0~ Na* K* ca Mg?* pH TDS"
A Groundwater Discharge Zone R2-RP-01, Trident 30 cm 487 234 0.05 167 69.3 8.18 40.7 6.55 1006.23
B Groundwater Discharge Zone R2-RP-02, Trident 30 cm 346 5 0.05 54 22.1 4.47 49 6.75 480.62
C Groundwater Discharge Zone R2-RP-03, Trident 30 cm 57 11.3 5.2 6.35 2.95 1.77 29 7.28 113.57
D Groundwater Discharge Zone RP-02-E, Trident 150 cm 144 307 21.2 123 54.9 6.9 25.9 6.83 682.9
E Groundwater Discharge Zone RP-02-E, Trident 30 cm 272 638 2.8 262 119 7.8 35 6.8 1336.6
F Groundwater Discharge Zone RP-03-C, Trident 150 cm 390 865 56.7 436 144 12.7 70.3 6.78 1974.7
G Groundwater Discharge Zone RP-03-C, Trident 30 cm 376 870 73.5 446 144 13.3 71.8 6.81 1994.6
H Groundwater Discharge Zone RP-03-E, Trident 30 cm 358 780 51.8 332 180 13 43.1 6.76 1757.9
| Groundwater Discharge Zone RP-03-E, Trident 90 cm 82 103 10.2 93.6 50.1 5.17 18.3 7.02 362.37
J Groundwater Discharge Zone RP-07-B, Trident 30 cm 463 476 7.7 93.1 41.5 8.34 326 6.92 1415.64
K Groundwater Discharge Zone RP-07-B, Trident 30 cm; FR 468 498 7.7 95.3 43 10.4 343 6.97 1465.4
L Low-to-No Groundwater Discharge Zone RP-07-E, Peeper 0 - 38 cm 330 134 0.16 63.4 29.7 1.78 95.4 7.42 654.44
M Low-to-No Groundwater Discharge Zone RP-07-E, Peeper 0 - 38 cm; FR 360 103 0.6 79.5 29.5 2.205 63.9 7.25 638.705
N Upland Groundwater AL2-32 1480 1780 54.8 147 52.6 11.3 1500 5025.7
(0] Upland Groundwater AL2-46 750 136 22.1 8.41 2.75 2.17 443 1364.43
P Upland Groundwater AL6-96 612 517 98.8 141 59.9 12.2 391 1831.9
Q Upland Groundwater BST2W-61 560 175 7.86 13.2 4.86 3.32 355 1119.24
R Upland Groundwater MW-05-24 247 45.9 14.6 5.88 0.87 0.765 147 462.015
S Upland Groundwater MW-05-34 112 104 67.3 2.83 1.59 1.17 187 475.89
T Upland Groundwater MW-05-52 230 60.9 35 1.39 3.06 0.488 150 480.838
U Upland Groundwater MW-05-70 276 41.7 30.2 1.59 0.751 2.04 159 511.281
\% Upland Groundwater MW-10-24 154 7.14 15.7 32.4 14.2 1.56 235 248.5
W Upland Groundwater RP-01-31 153 6.35 19.7 5.76 2.79 2.28 76.7 266.58
X Upland Groundwater RP-01-51 525 853 232 140 51.1 13.9 635 2450
Y Upland Groundwater RP-01-65 414 1530 144 363 130 18.6 488 3087.6
z Upland Groundwater RP-02-66 252 15500 60 1550 426 73.7 7650 25511.7
AA Upland Groundwater RP-04-16 286 23.8 20.9 91.6 8.39 2.89 415 475.08
AB Upland Groundwater RP-04-41 133 7.39 17.2 29.9 16.4 1.85 10 215.74
AC Upland Groundwater RP-06-87 438 1160 109 524 175 13.9 97 2516.9
AD Upland Groundwater RP-07-119 150 508 33.5 249 61.9 104 20 1032.8
AE Upland Groundwater RP-07-84 272 1030 87.1 490 114 15.8 59.5 2068.4
AF Upland Groundwater W-09-116 486 761 70.2 235 124 15.1 155 1846.3
AG Upland Groundwater W-11-B 328 715 133 411 83.9 11.5 67 1749.4
AH Upland Groundwater W-11-D 439 917 210 219 80.2 11.4 468 2344.6
Al Upland Groundwater W-11-1 517 42.6 0.37 124 52 6.37 25.1 767.44
AJ Upland Groundwater W-11-S 246 7.24 16.5 40 0.0171 125 75.8 398.0571
AK Upland Groundwater W-18-D 106 4.22 19.7 24.4 12.1 2.61 13 182.03
AL Upland Groundwater W-18-I 87 3.6 15.7 19.1 9.42 231 14.6 151.73
AM Upland Groundwater W-19-D 449 1250 106 448 185 16.8 186 2640.8
AN Upland Groundwater W-19- 373 2040 65.9 479 178 21.2 625 3782.1
Notes:
2 Alkalinity speciated to HCO;™ and CO5*” using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
All concentrations as mg/L; pH in s.u.
Figure C3.6-7

Portland Harbor RI/FS

Draft Remedial Investigation Report
Piper Diagram - Comparison of Major lon Chemistry
Upland Groundwater, Transition Zone Water, and Surface Water

Rhone Poulenc



Trichloroethane
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GW- Groundwater A Sediment
TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.6-8a
Upland Groundwater includes wells: RP-02-66, RP-07-119, RP-07-30, RP-01-31, RP-01-51, RP-02-31, RP-02-49, RP-07-55, W-19-I, W-19-S, 9 3
W-19-D, RP-02-66, RP-01-65, RP-01-119. Portland Harbor RI/FS
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. . . ™
Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Trichloroethene - Rhone Poulenc
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GW- Groundwater A  Sediment
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. .
In-River GW includes samples collected 2150 cm bml. Flgure C3.6-8b
Upland Groundwater includes wells: RP-02-66, RP-07-119, RP-07-30, RP-01-31, RP-01-51, RP-02-31, RP-02-49, RP-07-55, W-19-I, W-19-S, Portland Harbor RI/FS

W-19-D, RP-02-66, RP-01-65, RP-01-119. . . .
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Silvex - Rhone Poulenc
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TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe Sediment
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. Figure C3.6-8c
Upland Groundwater includes wells: RP-02-66, RP-07-119, RP-07-30, RP-01-31, RP-01-51, RP-02-31, RP-02-49, RP-07-55, W-19-I, W-19-S, 9 3
W-19-D, RP-02-66, RP-01-65, RP-01-119. Portland Harbor RI/FS
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. . . ™
Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
1,2-Dichlorobenzene - Rhone Poulenc
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TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Dissolved Arsenic - Rhone Poulenc
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LEGEND FEATURE SOURCES: Figure C3.7-1

— i i Aerial Photo: Metro RLIS, 2007.
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athymetric . Contours Channel and River Miles: Developed from US Army Corps of Engineers information. . . .
Y Docks & In-water Structures: cregted by heads-up Remedial InveStIgatlon Report

_J Nawgatlon Channel digitizing from the October 2001 0.33 ft. resolution color orthophotos. Arkema S|te
D Site Property Boundary Groundwater Contours & Wells: locations are approximate and drawn

from ERM. 2004a. Upland Remedial Investigation Report, . . .
~ Lots 3 &4 and Tract Ap, ATOFINA Chemicals Facility, Portland, OR. Overview and Cross Section Location
0 100 200 ‘ Prepared for ATOFINA Chemicals, Inc., Portland, OR.

| I I ERM-West, Inc., Bellevue, WA




R

4_10-2a_Arkema_NAPLs_20090902_x.mxd

Extent of NAPL (Feb. 2006)

Interpreted Groundwater table
(feet above MSL)

—— Interpreted

== Inferred

—} Inferred Groundwater Flow Direction
Interpreted Groundwater Discharge Zones

{1 Nearshore Groundwater Discharge Zone

Variable Groundwater Discharge Zone (Lower Rate)

Low-To-No Groundwater Discharge Zone

|
2
<
@
o
x
2
c
°
°
E}
°
<
a
X
3
2
@
Q
Q
<
<
s
o
|
%
.
=
™
o
o
1
o
o
°
L
]
3
s
a2
S
2
5
£
3
5
o
2
)
5
o
o
o
=1
=]
Q
2
S
2
2
o
B3

FEATURE SOURCES: :
LEGEND Aerial Photo: Metro RLIS, 2007. Figure C3.7-2a
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: P ry Upland Remedial Investigation Report Lots 3 & 4 and Tract A - Revision 1, Arkema S |te
0 50 100 N Arkema, Inc. Portland Facility. December 2005
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Upland Remedial Investigation Report, Lots 3 & 4 and Tract A, ChlorObenzene In U pland Groundwater
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro's RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up

digitizing from the October 2001 0.33 ft. resolution color orthophotos.

Groundwater elevation contours and flow directions adapted from ERM 2005.

Upland Remedial Investigation Report Lots 3 & 4 and Tract A - Revision 1,

Arkema, Inc. Portland Facility. December 2005

Groundwater Wells: locations are approximate and are drawn from ERM 2004a.
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ATOFINA Chemicals Facility, Portland, OR. and the Sitewide Groundwater Monitoring Report —
April 2007 Monitoring Event, Arkema, Inc. Facility, Portland, Oregon, ERM, October 2007
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FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.
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(® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone

[JWillamette R. Surface Water, St. Johns Bridge

Piper Plot

Willamette R. Surface Water, Morrison Bridge

Symbol Scale /
(Logarithimic Scale To TDS)
© 10 mg/L
1,000,000 mg/L
¥
Ca Na+K HCO3
Anions Cations
Sample  Description Sample Information Alkalinity®  CI” ok Na* K* ca® Mg** pH TDS®
A Groundwater Discharge Zone AP-02-A, Trident 30 cm 336 62.5 0.7 104 28 3.85 20.8 6.65 555.85
B Groundwater Discharge Zone AP-02-D, Trident 30 cm 480 913 0.15 135 48.2 7.42 590 6.36 2173.77
C Groundwater Discharge Zone AP-03-A, Trident 150 cm 1860 3610 421 260 1510 28.3 697 7.04 8386.3
D Groundwater Discharge Zone AP-03-A, Trident 30 cm 584 1740 0.6 161 520 11.8 393 6.48 3410.4
E Groundwater Discharge Zone AP-03-A, Trident 30 cm; FR 604 1690 0.6 150 497 11.2 377 6.49 3329.8
F Groundwater Discharge Zone AP-03-B, Trident 30 cm (PS) 132 3040 27.4 125 743 7.71 179 4254.11
G Groundwater Discharge Zone AP-03-B, Trident 30 cm (PS); FR 159 1300 0.45 195 500 6.68 129 2290.13
H Groundwater Discharge Zone AP-03-D, Trident 150 cm a4 1260 713 264 102 10.1 591 5.58 2984.1
| Groundwater Discharge Zone AP-04-B, Trident 30 cm (PS) 1300 2370 70.1 281 382 6.14 590 4999.24
J Groundwater Discharge Zone AP-04-C, Peeper 0 - 38 cm 124 1.6 0.4 8.85 3.97 0.54 3.36 7.42 142.72
K Low-to-No Groundwater Discharge Zone AP-04-D, Trident 30 cm (PS) 585 1150 0.45 242 76.1 6.47 612 2672.02
L Groundwater Discharge Zone CP-06-A, Trident 150 cm 786 5450 126 16.2 7.33 16.2 8410 6.49 14811.73
M Groundwater Discharge Zone CP-06-A, Trident 30 cm 486 1220 26.6 7.63 2.96 7.33 1130 7.27 2880.52
N Groundwater Discharge Zone CP-06-C, Trident 30 cm (PS) 259 30600 4.5 684 282 64.2 17350 49243.7
(0] Groundwater Discharge Zone CP-07-A, Trident 30 cm 810 9280 278 14.3 6.21 15.3 7720 7.26 18123.81
P Groundwater Discharge Zone CP-07-B, Trident 150 cm 582 12000 255 46.2 25.8 20.5 9280 7.65 22209.5
Q Groundwater Discharge Zone CP-07-B, Trident 30 cm 620 12700 292 22.8 9.27 22.5 10230 6.82 23896.57
R Groundwater Discharge Zone CP-07-B, Trident 30 cm (PS) 922 8370 241 115 7.15 28.1 7810 17389.75
S Groundwater Discharge Zone CP-07-B, Trident 30 cm (PS); FR 865 9090 217 10.2 5.91 27.2 7920 18135.31
T Groundwater Discharge Zone CP-07-B, Trident 60 cm (PS) 686 11300 235 10 7.64 17.4 8910 21166.04
U Groundwater Discharge Zone CP-07-D, Peeper 0 - 38 cm 289 51700 485 119 75.2 92.2 37490 6.76 90250.4
\% Groundwater Discharge Zone CP-07-D, Trident 150 cm 402 41500 449 68.3 48 64.6 29420 6.15 71951.9
W Groundwater Discharge Zone CP-08-B, Trident 30 cm 502 9910 268 11 7.75 11.9 8670 7 19380.65
X Groundwater Discharge Zone CP-08-D, Trident 30 cm (PS) 520 88500 22.5 384 139 90.9 58650 148306.4
Y Groundwater Discharge Zone CP-09-A, Trident 30 cm 359 8660 124 46.6 11.1 12.2 6920 7.19 16132.9
z Groundwater Discharge Zone CP-09-A, Trident 30 cm; FR 355 8950 126 41.1 9.16 11.8 6710 7.16 16203.06
AA Low-to-No Groundwater Discharge Zone CP-09-D, Peeper 0 - 38 cm 492 29100 47 164 75.9 47.8 25000 6.96 54926.7
AB Low-to-No Groundwater Discharge Zone CP-09-D, Peeper 0 - 38 cm; FR 399 25800 52 137 65.4 39.7 22780 7.07 49273.1
AC Groundwater Discharge Zone CP-10-A, Trident 30 cm (PS) 374 35600 9 77.9 50.3 26.6 29070 65207.8
AD Groundwater Discharge Zone R2-AP-01, Peeper 0 - 38 cm 658 111 0.5 9.61 91.6 1.76 8.22 8.1 780.79
AE Groundwater Discharge Zone R2-AP-01, Peeper 0 - 38 cm; FR 530 13.1 0.5 21.2 68.4 2.02 8.92 7.9 644.14
AF Groundwater Discharge Zone R2-AP-02, Trident 150 cm 1280 11800 2240 279 1720 29.6 6590 7.22 23938.6
AH Groundwater Discharge Zone R2-AP-02, Trident 30 cm 1430 14500 264 329 578 19.8 9320 7.13 26440.8
Al Groundwater Discharge Zone R2-CP-01, Peeper 0 - 38 cm 548 19600 238 770 307 194 14720 7.07 36377
A Upland Groundwater WB-01 (-11.4 to -15.4) GW 550 100 1500 86 59 15 1200 3510
Ak Upland Groundwater WB-01 (3.6 to -0.4) GW 69 25 130 150 130 23 140 667
Al Upland Groundwater WB-02 (-0.3 TO -4.3) GW 420 5.8 570 140 130 11 240 1516.8
AM® Upland Groundwater WB-02 (-8.3 to -12.3) GW 380 4.1 500 120 74 13 190 1281.1
AN°® Upland Groundwater WB-03 (-13.3 to -17.3) GW 140 4.4 920 40 19 2 110 1235.4
AO Upland Groundwater WB-09 (-25.9 to -29.9) GW 1 1600 13000 2000 270 85 8800 25756
AP Upland Groundwater WB-09 (-9.9 to -13.9) GW 710 160 5300 200 66 19 4200 10655
AQ Upland Groundwater WB-10 (-18.0 to -22.0) GW 540 3200 3800 810 600 28 2100 11078
AR Upland Groundwater WB-10 (-28.0 to -32.0) GW 650 260 8400 550 190 62 8200 18312
AS Upland Groundwater WB-15 (-36.8 to -40.8) GW 83 22 530 60 23 3.8 440 1161.8
AT Upland Groundwater WB-20 (-39.4 to -41.4) GW 38 11 56 18 8.3 21 21 154.4
AU Upland Groundwater WB-22 (-42.4 to -46.4) GW 100 16 56 33 14 2.6 23 244.6
Notes:
Alkalinity speciated to HCO,;~ and CO3* using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
TDS calculated as sum of anions and cations.
No alkalinity data available, use bicarbonate value.
All concentrations as mg/L; pH in s.u.
Figure C3.7-6
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TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. .
In-River GW includes samples collected 2150 cm bml. Figure C3.7-7a
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Sediment includes samples collected from 0 to 60 cm bml. Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
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MWA-16i, MWA-17si, MWA-18, MWA-19, MWA-29, MWA-30, MWA-31i, MWA-32ia, MWA-34ia. Portland Harbor RI/FS
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. . . ™
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TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
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MWA-16i, MWA-17si, MWA-18, MWA-19, MWA-29, MWA-30, MWA-31i, MWA-32ia, MWA-34ia. Portland Harbor RI/FS
TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Sediment includes samples collected from 0 to 60 cm bml. . . ™
Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones
Chromium - Arkema
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up

digitizing from the October 2001 0.33 ft. resolution color orthophotos.

Wells: locations are approximate and drawn from Delta
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(® Upland Groundwater

® Groundwater Discharge Zone

(® Low-to-No Groundwater Discharge Zone

[JWwillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale
(Linear Scale To TDS)

© 0mg/L

2,200 mg/L

Piper Plot

S04
,,,,,, $
e
,,,,,, AN
,,,,,,,,,,,,, \7\/,,,,,\,\\7\/,//,,,,,/ ‘\9
) & &
Ca Na+K HCO3 Cl
Anions Cations

Sample Description Sample Information Alkalinity®  CI” S0~ Na* K* ca®' Mg*" pH TDS"
A Groundwater Discharge Zone  R2-W-02, Trident 30 cm 922 13 0.05 227 69.9 7.15 26.9 6.62 1266
B Groundwater Discharge Zone ~ W-09-A, Trident 30 cm 31 8.1 4.8 7.83 2.97 1.3 9.6 7.35 65.6
C Groundwater Discharge Zone = W-12-A, Trident 30 cm 213 10 0.05 34.8 13.6 3.05 39.2 6.75 313.7
D Groundwater Discharge Zone =~ W-12-A, Trident 30 cm; FR 213 9.9 0.05 35.7 13.9 2.96 40.1 6.8 315.61
E Groundwater Discharge Zone  W-04-C, Peeper 0 - 38 cm 263 24.7 0.19 50 13.9 1.665 43.9 7.63 397.355
F Groundwater Discharge Zone  W-04-C, Peeper O - 38 cm; FR 361 23.1 0.16 71.3 20.3 1.74 40.2 7.49 517.8
G Groundwater Discharge Zone  W-06-A, Trident 30 cm 34 8.3 4.8 8.23 3.42 1.51 9.99 7.33 70.25
H Groundwater Discharge Zone  W-07-C, Trident 30 cm 44 114 4.4 17.4 12.5 3.32 13 7.12 106.02
| Groundwater Discharge Zone  W-09-C, Peeper 0 - 38 cm 232 1.7 0.2 53.9 16.6 2.37 7.36 6.76 314.13
J Upland Groundwater B-7 262 4.98 1 57 20 3.3 11 359.28
K Upland Groundwater B-9 227 6.05 1 39.6 141 2.38 11.8 301.93
L Upland Groundwater B-20 125 3.14 4.08 31 11.6 2,53 12 189.35
M Upland Groundwater CR-1 31.6 1.34 6.988 7.62 2.27 1.16 4.6 55.578
N Upland Groundwater CR-26 521 66.6 3.46 93.7 37.2 9.13 92.9 823.99
(0] Upland Groundwater CR-27C 380 64.8 1 82.5 20.6 6.2 88.1 643.2
P Upland Groundwater CR-31A 159 2.8 12.5 43.9 18.6 3.63 13.6 254.03
Q Upland Groundwater CR-31B 527 35.2 1 103 64.1 9.58 40.7 780.58
R Upland Groundwater CR-32A 94.3 1.7 43.1 254 10.4 2.03 20.4 197.33
S Upland Groundwater CR-32B 548 19.6 1 97.2 54.4 5.74 39.3 765.24
T Upland Groundwater CR-32C 452 317 1 153 43.7 8.27 43 732.67

Notes:

2 Alkalinity speciated to HCO5™ and CO,;* using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
All concentrations as mg/L; pH in s.u.
Figure C3.8-7

Portland Harbor RI/FS

Remedial Investigation Report

Piper Diagram - Comparison of Major lon Chemistry

Upland Groundwater, Transition Zone Water, and Surface Water
Willbridge
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TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. .
In-River GW includes samples collected 2150 cm bml. Flgure C3.8-8a
Upland Groundwater includes wells: B-7, B-9, B-20, CR-1, MW-33, MW-34, MW-40, U-10, U-11, P-1, P-2. Portland Harbor RI/FS

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total BTEX - Willbridge



Total PAH
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TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. .
In-River GW includes samples collected 2150 cm bml. Flgure C3.8-8b
Upland Groundwater includes wells: B-7, B-9, B-20, CR-1, MW-33, MW-34, MW-40, U-10, U-11, P-1, P-2. Portland Harbor RI/FS

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total PAHs - Willbridge
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Upland Groundwater includes wells: B-7, B-9, B-20, CR-1, MW-33, MW-34, MW-40, U-10, U-11, P-1, P-2. Flgure C3.8-8c
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
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Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Groundwater Contours: locations are approximate and drawn from

Squier/Kleinfelder, LLC. 2005. Gunderson, Inc.

Groundwater Monitoring: Thirty-Fifth Quarterly Groundwater Sampling Event, ECSI #1155.
Final ed.; Prepared for Gunderson, Inc. S090445.21. Rec#SQA0020.

Wells & Remediation Systems: locations are approximate and drawn from King, D. 2005¢ —
Personal communication (telephone conversations with S. FitzGerald, Integral Consulting,
Mercer Island, WA, on April 1 and 4, 2005 regarding the Gunderson Facility).
Squier/Kleinfelder, Lake Oswego, OR.
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MW-27 is located on the basalt bench. Not used to develop () 100 200 Feet @ 1-10 pg/L

this cross-section.

DM-10 and DM-13 are historical borings conducted off
Lakeside Properties in 1973 (King 2005, pers. Comm.)

Offshore core and surface grab data adapted from Round 2
sampling events, Integral Consulting, Inc. 2004-2005.

Horizontal scale

‘ 10 - 100 pg/L
. > 100 pglL

i - Monitoring Well Screen

Gunderson Stratigraphic Cross Section A-A' and
Concentrations of 1,1-Dichloroethene in Nearshore
Groundwater and Transition Zone Water
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R3 GWPA Stratigraphic Core Locations

Round 2 GWPA Core Locations

LWG Subsurface Sediment Locations

Non-LWG Subsurface Sediment Locations

Non-LWG Subsurface Sediment Locations (no chemistry available)
Round 2 Transition Zone Water Sample Location

Cross Section Locations

Area 1l

LEGEND

River Miles

Navigation Channel
5] Site Property Boundary

0 300 Feet %

™\

FEATURE SOURCES:

Aerial Photo: Spencer B. Cross, October 2001.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps

of Engineers information.

Docks & In-water Structures: created by heads-up digitizing
from the October 2001 0.33 ft. resolution color orthophotos.
Groundwater Contours: locations are approximate and drawn
from Squier/Kleinfelder, LLC. 2005. Gunderson, Inc.
Groundwater Monitoring: Thirty-Fifth Quarterly Groundwater
Sampling Event, ECSI #1155. Final ed.; Prepared for
Gunderson, Inc. S090445.21. Rec#SQA0020.

Wells & Remediation Systems: locations are approximate and
drawn from King, D. 2005c — Personal communication
(telephone conversations with S. FitzGerald, Integral Consulting,

Mercer Island, WA, on April 1 and 4, 2005 regarding the Gunderson Facility).

Squier/Kleinfelder, Lake Oswego, OR.

Figure C3.9-4a

Portland Harbor RI/FS
Remedial Investigation Report
Gunderson Site

Offshore boring locations and
Stratigraphic Cross Sections
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FEATURE SOURCES:

Aerial Photo: Metro RLIS, 2007.

Base Map features from Portland Metro’s RLIS.

Channel and River Miles: Developed from US Army Corps of Engineers information.
Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft.
resolution color orthophotos.

Groundwater Contours: locations are approximate and drawn from

Squier/Kleinfelder, LLC. 2005. Gunderson, Inc.

Groundwater Monitoring: Thirty-Fifth Quarterly Groundwater Sampling Event, ECSI #1155.
Final ed.; Prepared for Gunderson, Inc. S090445.21. Rec#SQA0020.

Wells & Remediation Systems: locations are approximate and drawn from King, D. 2005¢ —
Personal communication (telephone conversations with S. FitzGerald, Integral Consulting,
Mercer Island, WA, on April 1 and 4, 2005 regarding the Gunderson Facility).
Squier/Kleinfelder, Lake Oswego, OR.
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Interpreted Groundwater table
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Interpreted

* Results may underestimate actual concentrations due to sampling . ———— Inferred
flow rate limitations. The sampling flowrate was less than or equal

to 5 mL/min at these locations. Inferred Groundwater Flow Direction

r_1 Area 1

Figure C3.9-5

Portland Harbor RI/FS

Remedial Investigation Report

Gunderson Site

Trident Probe and Seepage Meter Results
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FEATURE SOURCES:
LEGEND Aerial Photo: Metro RLIS, 2007. . Figure C3.9-6
. . Base Map features from Portland Metro’s RLIS. -
— River Miles Channel and River Miles: Developed from US Army Corps of Engineers information. Portland Harbor RI/FS
i Docks & In-water Structures: created by heads-up digitizing from the October 2001 0.33 ft. ~ . o .
2003 Bathymetric 5 Ft. Contours (NAVD8S) o e e Remedial Investigation Report
1~ 71 Navigation Channel Groundwater Contours: locations are approximate and drawn from .
. Squier/Kleinfelder, LLC. 2005. Gunderson, Inc. Gunderson Site
D Site Property Boundary Groundwater Monitoring: Thirty-Fifth Quarterly Groundwater Sampling Event, ECSI #1155. . .
Final ed.; Prepared for Gunderson, Inc. S090445.21. Rec#SQA0020. Interpreted Groundwater Discharge Zones and Location of
0 100 200 Wells & Remediation Systems: locations are approximate and drawn from King, D. 2005¢ — e .
| | | | | Personal communication (telephone conversations with S. FitzGerald, Integral Consulting, Transition Zone Water and Sediment SampleS
Mercer Island, WA, on April 1 and 4, 2005 regarding the Gunderson Facility).
Feet Squier/Kleinfelder, Lake Oswego, OR.
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(® Low-to-No Groundwater Discharge Zone

[Jwillamette R. Surface Water, St. Johns Bridge

Willamette R. Surface Water, Morrison Bridge

Symbol Scale
(Linear Scale To TDS)

(O]

0 mg/L

2,200 mg/L

Piper Plot
(8] (8]
S ST
\ /
\\ /// /
Q
J & 0
§ /O 1 EFRQ
Q) \ / N
O s \\// N/ vé
/N >\ / ©
N /N AN ,
\ , \ /
ol \ B \ / \\ // S
/
47 \// N7 \\// Y
w X A //«\ " )
J « )\/% \\ // \\ //
| = e < )
Ma L4 ', 7\5 N AN
M - N > // \\ // '
() Np QL
XN e Pt
Q L / AN
€/ “Biac T \
N / / N //
\\ // / W
S N , ¢ //\\
QS N , N
T T T T /y\ 777777 7 @)‘ // N /
\ N / 'f\\\ , N
\\ , N , N >/\
N N RN
N2 N \
————— N —— — ——— X — - — = — — / —————

SO4

v/ - @ K- N N/ o R-m-mm-Hemmm--
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Ca Na+K HCO3 Cl
Anions Cations
Sample Description Sample Information Alkalinity®  CI” SO~ Na* K" ca*' Mg** pH DS"
A Groundwater Discharge Zone GN-04-A, Trident 30 cm 306 10.9 0.06 70.3 20.5 3.87 18.2 6.61 429.83
B Groundwater Discharge Zone GN-04-A, Trident 30 cm; FR 279 11 0.3 66.5 18.8 3.69 18 6.6 397.29
C Groundwater Discharge Zone GN-04-A, Trident 90 cm 294 14.2 0.06 69.3 20.2 3.43 22.9 6.77 424.09
D Groundwater Discharge Zone GN-05-A, Trident 150 cm 135 16.4 11.8 31.6 15.6 4.12 15.1 6.47 229.62
E Groundwater Discharge Zone GN-05-A, Trident 150 cm; FR 138 171 11.8 32 16.1 4.22 15.3 6.52 234.52
F Groundwater Discharge Zone GN-05-A, Trident 30 cm 158 15.9 0.6 34.9 17.4 3.44 15.5 6.49 245.74
G Low-to-No Groundwater Discharge Zone  GN-01-E, Peeper O - 38 cm 750 7.4 0.6 137 49.5 8 24 6.81 976.5
H Low-to-No Groundwater Discharge Zone  GN-01-E, Trident 150 cm 158 7.3 4.3 93.2 36.4 6.36 18.8 6.37 324.36
| Low-to-No Groundwater Discharge Zone  GN-02-E, Peeper O - 38 cm 519 7.5 0.19 121 38.7 5.32 16.5 6.9 708.21
J Low-to-No Groundwater Discharge Zone  GN-02-E, Peeper 0 - 38 cm; FR 501 7.7 0.2 120 38.5 5.28 16.4 6.92 689.08
K Low-to-No Groundwater Discharge Zone  GN-03-A, Peeper 0 - 38 cm 40 2 0.14 5.91 1.85 0.445 1.2 6.46 51.545
L Low-to-No Groundwater Discharge Zone  GN-04-B, Peeper 0 - 38 cm 60 0.7 0.03 291 1.02 0.199 0.695 6.85 65.554
M Low-to-No Groundwater Discharge Zone  R2-GN-01, Peeper 0 - 38 cm 756 8.2 0.15 179 63.4 7.61 18.9 6.73 1033.26
N° Upland Groundwater Boring B-47, W4 Upland Groundwater 543 16.4 102 39 17.4 2.43 86.9 807.13
o° Upland Groundwater Boring B-47, W3A Upland Groundwater 171 14 134 43.1 18 4.96 194 283.86
p° Upland Groundwater Boring B-47, W3B Upland Groundwater 154 14.7 154 39 16.5 4.72 18.9 263.22
Q° Upland Groundwater Boring B-47, W3C Upland Groundwater 149 151 15.9 39.2 16.6 4.76 19.2 259.76
R* Upland Groundwater Boring B-47, W2B Upland Groundwater 130 36.2 124 39.1 154 7.44 35.9 276.44
s¢ Upland Groundwater Boring B-47, W2C Upland Groundwater 148 41.6 16.7 37.6 13.9 6.83 37.3 301.93
T Upland Groundwater Boring B-48, W9 Upland Groundwater 70 749 10.6 388 91.4 42.1 212 1563.1
u* Upland Groundwater Boring B-48, W7 Upland Groundwater 75 743 10.5 282 51.2 38.3 236 1436
Ve Upland Groundwater Boring B-48, W8 Upland Groundwater 72 825 13 612 41.9 42.3 554 2160.2
we Upland Groundwater MW-37 Upland Groundwater 773 28.7 9.26 205 76.3 7.1 51 1150.36
X¢ Upland Groundwater MW-37 Upland Groundwater 91.8 28.3 9.86 146 64.8 5.3 41.6 387.66
Y© Upland Groundwater MW-45 Upland Groundwater 178 170 22.1 279 68.3 15.7 25.4 758.5
z° Upland Groundwater MW-42 Upland Groundwater 70 131 14.8 315 11.8 4.15 18 163.35
AA°  Upland Groundwater MW-36 Upland Groundwater 63.6 13.2 7.66 26.4 8.72 3.53 11 134.11
AB* Upland Groundwater MW-38 Upland Groundwater 110 16.5 145 40.9 13.6 3.91 11.7 211.11
Notes:
2 Alkalinity speciated to HCO5™ and CO,* using PHREEQC module within AquaChem (Waterloo Hydrologic 2005).
® TDS calculated as sum of anions and cations.
¢ No alkalinity data; use hicarbonate.
All concentrations as mg/L; pH in s.u.
Figure C3.9-7

Portland Harbor RI/FS
Remedial Investigation Report

Piper Diagram - Comparison of Major lon Chemistry
Upland Groundwater, Transition Zone Water, and Surface Water

Gunderson
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GW- Groundwater

TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: CP-586, GP-301, GP-303, GP-312, GP-313, GP-314, GP-315, GP-318, MW-10, MW-14, MW-15, MW-18, Figure C3.9-8a
MW-28, MW-29, MW-32, MW-33, MW-37, MW-52, MW-53, SMW-12, SMW-13, SMW-14, SMW-15, SMW-17, SMW-18, HA-34, HA-35.

TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
1,1-Dichloroethene - Gunderson



1,1,1-Trichloroethane
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GW- Groundwater

TZW-Transition Zone Water; P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: CP-586, GP-301, GP-303, GP-312, GP-313, GP-314, GP-315, GP-318, MW-10, MW-14, MW-15, MW-18, Figure C3.9-8b
MW-28, MW-29, MW-32, MW-33, MW-37, MW-52, MW-53, SMW-12, SMW-13, SMW-14, SMW-15, SMW-17, SMW-18, HA-34, HA-35.

TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
1,1,1-Trichloroethane - Gunderson



Chromium
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: CP-586, GP-301, GP-303, GP-312, GP-313, GP-314, GP-315, GP-318, MW-10, MW-14, MW-15, MW-18,
MW-28, MW-29, MW-32, MW-33, MW-37, MW-52, MW-53, SMW-12, SMW-13, SMW-14, SMW-15, SMW-17, SMW-18, HA-34, HA-35.

TZW includes samples collected from 0 to 38 cm bml.
Sediment includes samples collected from 0 to 60 cm bml.

Sediment Concentration (mg/kg)

B Site Specific Upland GW
& TZW
A Sediment

Figure C3.9-8c
Portland Harbor RI/FS
Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,

and Sediment Associated with Interpreted Groundwater Discharge Zones

Total Chromium - Gunderson
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: CP-586, GP-301, GP-303, GP-312, GP-313, GP-314, GP-315, GP-318, MW-10, MW-14, MW-15, MW-18, Figure C3.9-8d
MW-28, MW-29, MW-32, MW-33, MW-37, MW-52, MW-53, SMW-12, SMW-13, SMW-14, SMW-15, SMW-17, SMW-18, HA-34, HA-35.

TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Concentrations of Select COls in Nearshore Groundwater, Transition Zone Water,
and Sediment Associated with Interpreted Groundwater Discharge Zones
Total Lead - Gunderson



Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Notes: .

Background data is dissolved. Site

TZW data only includes filtered and peeper samples.

TZW non-detects included at % of detection limit. .

Upland GW non-detects excluded (no information on DL). Figure C4.1-1

Upland groundwater is limited to nearshore wells. Portland Harbor RI/FS

n/s- not sampled Remedial Investigation Report
Concentrations in TZW, Nearshore Upland Groundwater

and Background Groundwater by Site
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Median; Box: 25%-75%; Whisker: Non-Outlier Range
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No. of observations
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Variable:log As (ND=LL), Distribution: Normal
Kolmogorov-Smirnov d = 0.13105, p < 0.15, Liliefors p <0.01
Chi-Square test = 27.31435, df =7 (adjusted) , p = 0.00029
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Figure C4.1-4
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Remedial Investigation Report
Shapiro-Wilk Goodness of Fit Test
Arsenic in TZW



No. of observations
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Kolmogorov-Smirnov d = 0.08502, p = n.s., Liliefors p <0.20
Chi-Square test = 6.49350, df = 6 (adjusted) , p = 0.37023

Variable: log Ba, Distribution: Normal
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Komogorov-Smirnov Goodness of Fit Test and ANOVA Results
Barium in TZW (All Data)



No. of observations
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Chi-Square test = 6.19996, df =5 (adjusted) , p = 0.28725

Variable: log Ba, Distribution: Normal
Kolmogorov-Smirnov d = 0.06272,
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Figure C4.1-5b
Portland Harbor RI/FS
Remedial Investigation Report

Komogorov-Smirnov Goodness of Fit Test and ANOVA Results

Barium in TZW (Chlorate Plant Excluded)



Variable:log Mn, Dstributon: Normal Site; LS Means
Kolmogorov-Smirnov d = 0.12016, p < 0.15, Liliefors p <0.01 Current effect: F(8, 83)=1.6821, p=.11492
Chi-Square test = 16.63861, df =7 (adjusted) , p =0.01988 Eif ective hypothesis decompostion
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Komogorov-Smirnov Goodness of Fit Test and ANOVA Results
Manganese in TZW (All Data)



No. of observations
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Komogorov-Snirnov d =0.12376, p <0.20
Chi-Square test = 13.66899, df = 6 (adjusted) , p = 0.03356

Variable:log Mn, Dstributon: Normal
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Komogorov-Smirnov Goodness of Fit Test and ANOVA Results
Manganese in TZW (Chlorate Plant Excluded)
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: MW-1,MW-2,MW-3,MW-4, MW-7, MW-8, MW-10,MW-12,MW-13,MW-20,MW-21. Fi C4.2-1
TZW includes samples collected from 0 to 38 cm bml. igure e
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS

Remedial Investigation Report

Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Kinder Morgan
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TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland GW includes dissolved data for wells: MW-1,MW-2,MW-3,MW-4,MW-7,MW-8 MW-10,MW-12, MW-13, MW-20,MW-21.
Background GW data are unfiltered. Figure C4.2-2
TZW includes samples collected from 0 to 38 cm bml.
0 Portland Harbor RI/FS

Sediment includes samples collected from 0 to 60 cm bml. . . .
Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Kinder Morgan
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Background GW data are unfiltered. .
TZW includes samples collected from 0 to 38 cm bml. Flgure C4.2-3
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS

Remedial Investigation Report

Manganese Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Kinder Morgan
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland Groundwater includes wells: GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IW-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml. Figure C4.2-4

Portland Harbor RI/FS

Remedial Investigation Report

Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — ARCO
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland GW includes unfiltered data from wells: GP-1, GP-3, GP-4, GP-6, IW-1, IW-2, IWV-3, IW-6, P-7, REV-1, REV-2, REV-3, REV-4, REV-5.
Background GW data are unfiltered. Fi 4.2-5
TZW includes samples collected from 0 to 38 cm bml. igure C4.2-

Sediment includes samples collected from 0 to 60 cm bml.

Portland Harbor RI/FS

Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — ARCO
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml. .

Sediment includes samples collected from 0 to 60 cm bml. Flgure C4.2-6
Portland Harbor RI/FS

Remedial Investigation Report

Manganese Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — ARCO
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: W-1, W-4,W-5W-6, W-7, W-8, W-9, W-10, W-11,W-12,W-13,W-14,W-15W-16,W-17,W-18, W-19,W-20,W-21,W-22; Figure C4.2-7
sampled between 5/3/1991 and 10/3/2003. )
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — ExxonMobil
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. .
Background GW data are unfiltered. Flgure C4.2-8
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. .
In-River GW includes samples collected =150 cm bml. Figure C4.2-9
Background GW data are unfiltered. Portland Harbor RI/FS

TZW includes samples collected from 0 to 38 cm bml. Remedial Investigation Report

Manganese Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — ExxonMobil
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: B-01, B-31, B-56A, B-56B, MW-1, MW-2, MW-3, MW-4, MW-5; sampled between 9/20/1991 and 8/24/2000.
TZW includes samples collected from 0 to 90 cm bml. Figure C4.2-10
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS
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GW- Groundwater = = =
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes dissolved samples collected 2150 cm bml. .
Background GW data are unfiltered. Flgure C4.2-11
TZW includes samples collected from 0 to 90 cm bml. Portland Harbor RI/FS

Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Gasco
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes dissolved samples collected 2150 cm bml.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 90 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-12

Portland Harbor RI/FS
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Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. A Sediment
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Upland Groundwater includes wells:P-5, P-6, P-7, P-8, P-9, WS-11-125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, WS-14-161;
sampled between 8/2/2001 and 11/17/2004. H R
TZW includes samples collected from 0 to 38 cm bml. Flgure C4.2-13
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS
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GW- Groundwater Area 1 TZW
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe @ Area2TZW
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. A Sediment

Upland GW includes dissolved data from wells:P-5, P-6, P-7, P-8, P-9, WS-11-125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, WS-14-161;
sampled between 8/2/2001 and 11/17/2004.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-14
Portland Harbor RI/FS
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Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland GW includes dissolved data from wells:P-5, P-6, P-7, P-8, P-9, WS-11-125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, WS-14-161;
sampled between 8/2/2001 and 11/17/2004.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-15
Portland Harbor RI/FS
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TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-16

Portland Harbor RI/FS

Remedial Investigation Report

Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Rhone Poulenc
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Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented. A Sediment
In-River GW includes samples collected 2150 cm bml.
Background GW data are unfiltered. .
TZW includes samples collected from 0 to 38 cm bml. Flgure C4.217
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS
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Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml. .
Background GW data are unfiltered. Flgure C4.2-18
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS

Sediment includes samples collected from 0 to 60 cm bml. Remedial Investigation Report
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: MWA-2, MWA-3, MWA-4, MWA-5, MWA-6, MWA-6r, MWA-8i, MWA-9i, MWA-10i, MWA-13d, MWA- Figure C4.2-19
14i, MWA-16i, MWA-17si, MWA-18, MWA-19, MWA-29, MWA-30, MWA-31i, MWA-32ia, MWA-34ia.
TZW includes samples collected from 0 to 38 cm bml. Portland Harbor RI/FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial |nvestigation Repor[

Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Arkema
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-20

Portland Harbor RI/FS

Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Arkema
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GW- Groundwater = = =
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland GW includes dissolved data from wells: MWA-2, MWA-3, MWA-4, MWA-5, MWA-6, MWA-6r, MWA-8i, MWA-9i, MWA-10i, MWA-13d, .
MWA-14i, MWA-16i, MWA-17si, MWA-18, MWA-19, MWA-29, MWA-30, MWA-31i, MWA-32ia, MWA-34ia. Figure C4.2-21
Background GW data are unfiltered. Portland Harbor RI/F
TZW includes samples collected from 0 to 38 cm bml. . ortia d. a. bo /FS
Sediment includes samples collected from 0 to 60 cm bml. Remedial Investlgatlon Report

Manganese Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Arkema
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GW- Groundwater 1 [ 1 ~ 1 [
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: B-7, B-9, B-20, CR-1, MW-33, MW-34, MW-40, U-10, U-11, P-1, P-2. .
TZW includes samples collected from 0 to 38 cm bml. Figure C4.2-22
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS
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Arsenic Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Willbridge



Barium Groundwater Groundwater
1 Low-to-no | Discharge | Discharge
! GwW ! Zone I Zone
Background Upland InRiver |  Discharge Zone ! (Higher Rate) | (Lower Rate)
1.0E+04 : : 1 1.0E+03
|
: : 1 B Background Upland GW
. | | ! B Site Specific Upland GW
[ | 1
1 1 " B In-River GW
| |
|
n | | ! & TZW
—_ | 1 1 I A Sediment
)
S 1.0E+03 - I A ! |
> . I r " S, -
- 1 1 o
c | i~
5 || : : A A - 1.0E+02
©
£ ! I ¢ : . £
S I (I 4 | 5
o | | =
c 1 ©
S ! ! I s
S 1.0Ev02 | ; ! ! 3
! c
N I I * | $ s
s | (IS | o
= P 1 1 | ¢ "qé,'
= . ! ! . 1 E
s ! ! I - 1.0E+01 =5
-] l [ ! ! R 4 @
g | | | (/2]
S 1.0E+01 ! ! T
o ! e I
| | |
| | |
s fo ' !
o ! © ! |
() 1 () 1 |
o | o ! |
pzd | pd | |
1.0E+00 : : ' 1.0E+00
|
= = = | Co ‘qc: I o g | oo g
° ° ° 1 === E | =3 E 1 =3Z E
1 S 1 e} S
N N 1 N
Notes: I—IEE $ 1 I—u% $ | I—l':,% c%
[ [ X [

GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.

In-River GW includes samples collected 2150 cm bml.

Upland GW includes unfiltered data for wells: B-7, B-9, B-20, CR-1, MW-33, MW-34, MW-40, U-10, U-11, P-1, P-2.

Background GW data are unfiltered.
TZW includes samples collected from 0 to 38 cm bml.
Sediment includes samples collected from 0 to 60 cm bml.

Figure C4.2-23

Portland Harbor RI/FS

Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Willbridge
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Background GW data are unfiltered. Figure C4.2-24
TZW includes samples collected from 0 to 38 cm bml.
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS

Remedial Investigation Report

Manganese Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Willbridge
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GW- Groundwater
TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe
Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.
Upland Groundwater includes wells: CP-586, GP-301, GP-303, GP-312, GP-313, GP-314, GP-315, GP-318, MW-10, MW-14, MW-15, MW-18,
MW-28, MW-29, MW-32, MW-33, MW-37, MW-52, MW-53, SMW-12, SMW-13, SMW-14, SMW-15, SMW-17, SMW-18, HA-34, HA-35. Figure C4.2-25
TZW includes samples collected from 0 to 38 cm bml.
Sediment includes samples collected from 0 to 60 cm bml. Portland Harbor RI/FS
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.
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Figure C4.2-26
Portland Harbor RI/FS
Remedial Investigation Report

Barium Concentrations in Nearshore Groundwater,
Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Gunderson
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GW- Groundwater

TZW-Transition Zone Water; F = filtered push probe, P = peeper, UF = unfiltered push probe

Non-detect values shown as hollow symbols at 1/2 of the detection limit. For GW, if detection limit was not available no data is presented.
In-River GW includes samples collected 2150 cm bml.

Background GW data are unfiltered.

TZW includes samples collected from 0 to 38 cm bml.

Sediment includes samples collected from 0 to 60 cm bml.
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Figure C4.2-27
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Manganese Concentrations in Nearshore Groundwater,

Transition Zone Water, and Sediment Associated with
Interpreted Groundwater Discharge Zones — Gunderson
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SPI Location: 31A
(Near TZW Location: R2-AR-2)

Mote: depth of sediment profile shown is ~15 cm

Figure C4.3-2

Portland Harbor RI/FS

Remedial Investigation Report

Sediment Profile Imaging lllustrating the Apparent

Redox Potential Depth in Willamette River Bed Sediments
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Oxidation Reduction Potential in TZW versus
Total PAHs, TPH, and TOC in Sediment
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Alkalinity in TZW versus

Arsenic, Barium, Iron, and Manganese in TZW
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Oxidation Reduction Potential in TZW versus
Arsenic, Barium, Iron, and Manganese in TZW
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